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¢ Suppose we consider particle collisions at superPlanckian

energics. Here “Planck” is the effective Planck scale M, ,
which could be just a few TeV.

¢ Roughly speaking, if the impact parameter b is smaller

| than or of the order of .
i

oo /M

| |

then a black hole will form. Thus a high energy point
particle becomes an object with finite transverse “size” b.

e [ ne Compton wavelength decrecses with wncreasing
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» Energy growing with size sounds like strings or branes.
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Maximal Werrdness
¢ [t now appears in string theory that there are cxamples
where “particles” acquire a transverse size at high energies: |
e BE.g. “Attack of the giant gravitons from Anti de Sitter
space” (J. McGreevy, L. Susskind, N. Toumbas).
¢ E.g. Wrapped branes in warped compactifications of M

theory or string theory (E. Silverstein). |

| In the second case, we compactify 11 dim Horava-Witten |
i theory on a K3 surface, and wrap a 2-brane on a cycle of

| the K3 with some area Ag. The geometry is warped along '
the 11th dimension (call this coordinate y).
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LCWE 2000, Fermilab Joseph Lykken



¢ The wrapped brane should look almost like a point
particle to us, with some fuzziness in its size of order the UV
cutoff [;. Taking into account the warping, it has encrgy

Taking mmto account the warping, its transverse size is

: L/6
R=y"%l,

So this object has a branc-like energy/size relation:

- .

LOWSE 2000, Fermilab Joseph Lykken
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s In fact, this object is neither a point particle nor a brane.
rather it 1s something in between.

¢ You can see this by counting states. Compute the KK
modes (with respect to the warped direction y) of the
wrapped 2-brane. The scalar KK modes are the solutions of
a 1 dim Schrodinger eqn with a potential which is
approximately quadratic. The KK modes are discrete with

e The number of these KK states increases like E4,
compared ton oo £ for a point particle! On the other hand,
for a brane (or any extended object), the number of states
increase exponentially with cnergy.

¢ These new objects are called elastic states (nylons).

N .

LCWS 2000, Fermilab Joseph Lykken



Phenomenology

e Could there be accessible regimes where what you
thought were point particles turn into nylons?

e Linear colliders are a good wav to look for this!

= Note this is not like the usual quark/lepton

compositeness, since there (presumably) aren’t any bound
pointlike constituents. You don't necessarily generate the
4-fermion terms of Eichten-Lane-Peskin, just form factors:
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where
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The current best limits on this “electron radius™ appear to
be from LEP (D. Bourilkov):

R, <28 107 "cem
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LCOWS 2000, Fermilab Joseph Lykken
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